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We monitored reproductive females of Emys orbicularis and Mauremys leprosa during the summer of 2001 in
Doñana National Park. Radiographs revealed that females of both species may lay at least two clutches from
May to July. We recorded incubation temperatures in one nest of each species, and found them to be 24.7ºC
in E. orbicularis and 28.7ºC in M. leprosa. Egg incubation lasted 83 days in E. orbicularis, with all the hatch-
lings remaining in the nest until we extracted them in October, and 46-53 days in M. leprosa, with three
hatchlings emerging one to 12 days after hatching, and three hatchlings remaining in the nest. We detected
M. leprosa hatchlings in their first trip to the pond from late August to early October and E. orbicularis hatch-
lings from September 18th to September 23rd.
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Nidos, incubación y emergencia de crías en las dos especies de quelonios acuáticos (Emys orbicularis y
Mauremys leprosa) del Parque Nacional de Doñana. Durante el verano de 2001, se hizo un seguimiento inten-
sivo de hembras grávidas de Emys orbicularis y Mauremys leprosa en Doñana. Mediante radiografías se detec-
tó que ambas especies podían poner al menos dos puestas entre mayo y julio. Se obtuvieron datos sobre la
temperatura de un nido de E. orbicularis (temperatura media de incubación = 24,7ºC) y de otro de M. leprosa
(Temperatura media de incubación = 28.7ºC). El periodo de incubación de los huevos fue de 83 días en
E. orbicularis, manteniéndose las crías dentro del nido tras la eclosión de los huevos hasta que fueron extraí-
das en octubre. En M. leprosa, la incubación duró entre 46 y 53 días; tres crías emergieron del nido entre uno
y 12 días tras la eclosión, y otras tres permanecieron en el interior hasta que fueron extraídas. Además, se
detectaron crías de M. leprosa recién nacidas en sus primeros viajes al medio acuático tras la eclosión entre
finales de agosto y primeros de octubre, y de E. orbicularis entre el 18 y el 23 de septiembre.
Key words: incubación; nidos; quelonios acuáticos; reproducción.
The European pond turtle (Emys orbicula-
ris) and the Mediterranean pond turtle
(Mauremys leprosa) are two autochthonous
aquatic turtle species found in the Iberian
Peninsula. Currently, the conservation status
of the populations of both species in Spain is
considered to be vulnerable (PLEGUEZUELOS
et al., 2002). Information on the reproducti-
ve biology of these species is generally sparse,
although KELLER (1997) determined their
female breeding frequency and clutch size in
Doñana National Park (DNP, Huelva, south-
west Spain). Referring only to M. leprosa,
COMBESCOT (1955) described the gonadal
DOI: http://dx.doi.org/10.11160/bah.13010/
SHORT NOTES146
cycle and ANDREU & VILLAMOR (1989)
ascertained the timing of main reproductive
events. In this study we intensively monito-
red gravid females of both species in DNP,
with the aim of locating their nests and obtai-
ning information about their incubation and
hatchling emergence periods.
From May 18th to June 1st of 2001, five
E. orbicularis females and 10 M. leprosa fema-
les were captured from a pond in DNP. On
the day of capture, each female was x-rayed
(radiation parameters: 65 mA, 75 kW, 0.5 s)
in order to detect eggs in her oviducts and sub-
sequently returned to the pond. The pond was
sampled a second time between June 10th and
19th; seven E. orbicularis and nine M. leprosa
females were captured, x-rayed, and released.
Of these females, five and seven individuals
of each species, respectively, had been x-rayed
during the first sampling.
From June 10th to July 26th, we radiotrac-
ked (Biotrack 10 TW-3 single-celled tag
radiotransmitters, Wareham, Dorsett, UK)
four E. orbicularis and two M. leprosa gravid
females in order to locate their nests. Their
location was determined daily from 7:00 to
0:00 h at intervals of approximately three
hours. This monitoring was complemented
with the observation of movements of non-
tagged turtles around the pond. In addition,
we conducted during this period intensive
nest searches around several ponds. We sig-
nalled nests and measured and weighed
their eggs with great care. For observation of
the eggs, we placed a vertically-oriented
glass window in one side of each nest. From
mid-August onwards, the nests were moni-
tored daily in order to record hatching and
emergence dates, as well as body length and
mass of emerged hatchlings. This methodo-
Carapace
length (mm)
151.9
138.7
146.1
137.9
146.9
154.5
150.9
Id
1
2
3
4
5
6
7
Emys orbicularis Mauremys leprosa
Body
mass (g)
680
508
637
560
624
693
685
N eggs (X-ray date)
May 14th June 10th
8 6
7 6
6 8
7 6
0 0
5
8
83.3 85.7
7.0 6.5
Carapace
length (mm)
205.3
149.9
173.8
194.2
178.9
185.9
193.2
173.6
205.3
173.6
188.0
196.8
187.9
Id
1
2
3
4
5
6
7
8
9
10
11
12
13
Body
mass (g)
1120
505
1161
1031
796
868
981
705
1274
705
761
985
826
N eggs (X-ray date)
May 13th-June 1st June 10th-19th
9 4
0
9
9
0 0
7 0
7 6
0
0 0
0 0
4
6
0
50.0 40.0
8.2 5.0
Table 1: Carapace length, body mass and number of shelled eggs (N eggs) detected in seven x-rayed fema-
les of Emys orbicularis and 13 x-rayed females of Mauremys leprosa.
% of egg-bearing females
Mean number of eggs per clutch
% of egg-bearing females
Mean number of eggs per clutch
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logy had been successfully used in nests of
Testudo graeca (DÍAZ-PANIAGUA et al.,
1997). We placed a temperature data logger
(Tidbit, HOBO, Onset Computer
Corporation, Bourne, Massachusetts, USA)
within each nest alongside the eggs to record
nest temperature every 30 min during the
incubation period. On October 18th, after a
considerable decrease in ambient tempera-
ture, when we considered that embryo deve-
lopment had probably been completed, the
remaining eggs and hatchlings were collec-
ted from the nests.
From August onwards, we erected a
fence with 30 cm of height and 100 m of
length along the entrance to the pond where
females were collected in order to intercept
hatchlings making their first trip to the
pond after emergence. Several pitfall traps
were set up along the fence, being checked
daily until October.
Results of radiographs to detect gravid
females are shown in Table 1. We observed
gravid females of both species in May and in
June samplings. We detected females with
second clutches in both species.
We did not see radiotracked females dig-
ging nests. We observed only one E. orbicularis
female digging a nest and laying eggs on July 7th
at 19:30. The nest was close to the pond
(Table 2), in an area of wet, compact sand with
a thick cover of helophytes. It contained eight
eggs, two of which were found broken, and
only four of the remaining eggs hatched.
Clutch date 
Number of eggs
Distance to the shore (m)
Vegetation cover
Nest width (cm)
Nest deptha (mm)
Mean (± SD; range) egg length (mm)
Mean (± SD; range) egg width (mm)
Mean (± SD; range) egg mass (g)
Mean (± SD) body mass of hatchlings (g)
Mean (± SD) carapace length of hatchlings (mm)
Mean (± SD) plastron length of hatchlings (mm) 
Hatching date 
Hatching rate 
Nest emergence date
Incubation duration (days)
Mean nest temperature in August (ºC)
Mean minimum nest temperature in August (ºC)
Mean maximum nest temperature in August (ºC)
Mean nest temperature until hatching (ºC)
Mean minimum temperature until hatching (ºC)
Mean maximum temperature until hatching (ºC)
E. orbicularis
July 7th
8
8
thick
7.5 x 7.5
40-68
31.8 (± 0.80; 30.5-33.0)
22.2 (± 3.72; 20.5-31.4)
8.34 (± 0.27; 7.9-8.7)
4.75 (± 0.44)
26.15 (± 0.73)
22.28 (±0.43)
September 27th-October 6th
50%
Not detected
83
25.38
23.69
27.65
24.67
21.07
27.65
M. leprosa
July 15th-22nd
8
25
sparse
18 x 14
90-155
33.7 (± 1.17; 32.0-35.0)
20.7 (± 0.47; 20.1-20.5)
8.43 (± 0.51; 7.9-9.3)
4.55 (±1.43)
27.8 (±0.64)
23.5 (±1.25)
September 6th-18th
62.5%
September 17th onwards
46-53
29.28
27.12
32.27
28.65
24.44
32.27
Table 2: Main characteristics of Emys orbicularis and Mauremys leprosa nests monitored in Doñana
National Park.
a From soil surface to the bottom of the nest.
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From June 5th to July 25th, we found in
the meadows surrounding the pond a total
of 70 M. leprosa nests that had been preyed
upon, probably by rats according to the
pattern of eggshell breakage and the tracks
found around the nests. While we were
excavating some of the predated nests, we
identified three M. leprosa nests whose nes-
ting date was estimated to be after July 15th.
One of them, found on July 27th, contained
eight eggs and was intact, while the other
two, found on July 26th and 27th, had been
partially preyed upon and contained, res-
pectively, two and one intact eggs. These
nests were located at 20 to 25 m from the
shore of the pond, in open areas characteri-
zed by sparse grass vegetation and low subs-
trate moisture. Only eggs in the non-preda-
ted nest hatched, so we used only this nest
for further analyses on hatching and emer-
gence of M. leprosa (Table 2); one of the
eggs in this nest was found broken, while
six of the remaining ones hatched.
The size and mass of the eggs, as well as
the data on hatching and hatchling emergence
are shown in Table 2. The eggs of M. leprosa
hatched earlier and had shorter incubation
periods than those of E. orbicularis. The
variation in mean daily incubation tempera-
ture is shown in Fig. 1. Incubation tempera-
ture was higher in the M. leprosa nest than in
the E. orbicularis nest (Table 2).
Hatchling main biometric parameters
are shown in Table 2. In addition to obtai-
ning emergence data from the monitored
nests, we also intercepted, using the fence,
four E. orbicularis and five M. leprosa
hatchlings, as well as three other newborn
M. leprosa hatchlings near other ponds
(Fig. 2). We intercepted the first M. lepro-
sa hatchlings travelling to the pond in late
August and the last one on October 6th.
Emys orbicularis hatchlings were intercep-
ted between September 18th and
September 23rd. In the E. orbicularis nest,
all the hatchlings remained in the nest,
Figure 1: Variation in mean daily temperature during the incubation period in Emys orbicularis and
Mauremys leprosa nests monitored in Doñana National Park.
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meaning that their emergence was delayed
at least one month relative to their hat-
ching. In the M. leprosa nest, two hatch-
lings emerged the day after they hatched,
another one 12 days later, and the remai-
ning three did not emerge, meaning that
their emergence was delayed longer than
one month.
Emys orbicularis and M. leprosa have simi-
lar breeding habitats and periods in DNP,
although M. leprosa is much more abundant
(KELLER et al., 1995). Second clutches were
detected in females of both species, being
more frequent in E. orbicularis, as found in a
previous study (ROQUES et al., 2006). In
Doñana, only one M. leprosa female had been
observed to have a second clutch (ANDREU &
VILLAMOR, 1989), even though a large num-
ber of females have been intensively monito-
red (KELLER, 1997). However, PEREZ et al.
(1979) suggested that females could be capa-
ble of developing up to three clutches per
year, based on an inspection of ovarian
follicles. Laying multiple clutches per year
is a common reproductive strategy in chelo-
nian species as it increases the reproductive
output of females (WILBUR & MORIN, 1988).
In E. orbicularis, females can develop second
clutches by fertilizing eggs with stored sperm,
and clutches may exhibit multiple paternity
(ROQUES et al., 2006).
In this study, radiotracking of gravid
females was not adequate for nest detec-
tion, probably because females interrupted
their nest travel when they observed us in
the surroundings of the pond. Our results
should be interpreted cautiously, as they
come from only one monitored nest of
each species.
We found pronounced differences in
incubation temperature and duration bet-
ween both species. The higher mean tempe-
rature detected in the M. leprosa nest was
probably related to its location, considerably
Figure 2: Number of Mauremys leprosa and Emys orbicularis hatchlings intercepted as they traveled to
the pond after emerging from their nests. Dates of hatchling emergence in the monitored M. leprosa
nest are also included. In E. orbicularis, no hatchlings emerged from the monitored nest.
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more exposed to ambient temperature fluc-
tuations and drier than the location of the
E. orbicularis nest. This type of exposure was
also observed for nests destroyed by preda-
tors, which were located 10-200 m away
from the pond, in a wide open area of grass-
land. At lower incubation temperatures,
embryo development is slower and thus the
incubation period is longer (PACKARD &
PACKARD, 1988; DEEMING & FERGUSON,
1991). For M. leprosa, we found a notable
proportion of hatchlings emerging at the
end of the summer; these hatchlings pro-
bably came from eggs of earlier clutches. On
the other hand, in the nest of E. orbicularis,
the lower incubation temperature, and the
consequent slower development, probably
resulted in hatching taking place on later,
colder dates, which in turn could have dela-
yed hatchling emergence. A delay in emer-
gence is common in chelonians, and hatch-
lings may stay in the nest after hatching for
short and variable periods (e.g. DÍAZ-
PANIAGUA et al., 1997) or even overwinter in
the nest (GIBBONS & NELSON, 1978;
CONGDON & GIBBONS, 1985; JACKSON,
1994; DEPARI, 1996). The two nests moni-
tored in this study contained late clutches,
while the first hatchlings intercepted in
August might have come from early clut-
ches. Because newborn hatchlings of both
species have been commonly observed in the
spring in different localities (Mauremys
leprosa: HERNÁNDEZ GIL et al., 1993;
ARAUJO et al., 1997. Emys orbicularis:
SERVAN, 1983; SEGURADO et al., 2005), it is
possible that the hatchlings extracted from
our monitored nests, especially those in the
E. orbicularis one, could have started over-
wintering in the nest.
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